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(57) ABSTRACT

The present mvention relates to methods and apparatus for
quantitative assessment of neuromotor disorders using sen-
sors and analyzing the data collected from the sensors to
determine 1f a patient suffers any neuromotor disorders. In
one embodiment, the present invention 1s a system for assess-
ing neuromotor disorders in a body including a plurality of
pressure sensors adapted for attachment to the body and mea-
suring pressure, a med node connected to the plurality of
pressure sensors for generating data corresponding to the
plurality of pressure sensors, and an analysis unit connected
to the med node for analyzing the data generated by the med
node to determine the existence of a neuromotor disorder in

the body.
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METHOD AND APPARATUS FOR
QUANTITATIVE ASSESSMENT OF
NEUROMOTOR DISORDERS

This application claims the benefit of U.S. Provisional
Patent Application No. 60/906,083 filed on Mar. 9, 2007,

entitled “METHOD FOR QUANTITATIVE ASSESSMENT
OF NEUROMOTOR DISORDERS” which 1s expressly

incorporated herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and apparatus for
quantitative assessment of neuromotor disorders collecting
data from sensors and analyzing the data collected from the
sensors to determine 1f a patient sutfers any neuromotor dis-
orders.

2. Description of Related Art

Recently, health care costs have increased at a rapid rate
with much of the costs tied to the care and diagnosis of
patients. The diagnosis of a patient can be costly since 1t may
be hard for a human physician to quantitatively gauge what 1s
wrong with a patient. Without a correct diagnosis, the physi-
clan may not administer the correct care for a patient. In
addition, early stages of a disease or disability may not be
readily apparent to a physician. These problems can be espe-
cially apparent with respect to neuromotor disorders since the
type and severity of the neuromotor disorder may be con-
cealed and/or hard to quantity.

BRIEF SUMMARY OF THE INVENTION

The present mvention seeks to solve problems described
above by providing a method and apparatus for quantitative
assessment of neuromotor disorders.

In one embodiment, the present invention 1s a system for
assessing neuromotor disorders 1n a human body a plurality
ol pressure sensors to the body to measuring by attaching
pressure exerted, a med node connected to the plurality of
pressure sensors for generating data corresponding to the
pressure sensors, and an analysis umt connected to the med
node for analyzing the data generated by the med node to
determine the existence of a neuromotor disorder 1n the body.

BRIEF DESCRIPTION OF THE DRAWINGS

The exactnature of this invention, as well as the objects and
advantages thereot, will become readily apparent from con-
sideration of the following specification in conjunction with
the accompanying drawings in which like reference numerals
designate like parts throughout the figures thereof and
wherein:

FIG. 1 1s a block diagram of the present invention;

FIG. 2 1s a perspective view of a handgrip device attached
to a med node as used in the present invention;

FIG. 3 1s a flowchart of the test procedure of the present
imnvention;

FIG. 4 1s an example of a screen for network setup on a
handheld device as used in the present invention;

FIG. 5 1s an example of a screen for maximum voluntary
contraction on a handheld device as used 1n the present inven-
tion;

FI1G. 6 1s an example of a screen for a test set on a handheld
device as used in the present invention;

FI1G. 7 1s a graph showing an example of frequency match-
ing as used 1n the present invention;
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FIG. 8 1s a graph showing an example of cross-correlation;
FIG. 9 1s a graph showing results from a preliminary
experiment using the present invention; and

FIG. 10 1s a chart of results from a preliminary experiment
using the present invention;

DETAILED DESCRIPTION OF THE INVENTION

FIG. 11s ablock diagram 1llustrating an embodiment ofthe
present invention. As shown in FIG. 1, a system for assessing
neuromotor disorders 1n a body 1includes a handgrip device 2,
pressure sensors 4 connected to the hand grips for measuring
pressure executed, a med node 6 for collating data from the
pressure sensors, and, wireless communication link 8, con-
necting the med node 6 to an analysis unit 10.

Handgrip device 2 (FIG. 2) has pressure sensors 4 to mea-
sure pressure exerted by the individual fingers on the hand-
orip 2. The pressure exerted could be from each finger of a
hand, or any other portion of the hand. Pressure sensors 4 are
used to measure both static and dynamic force and can be thin
enough to enable non-intrusive measurement which 1s ideal
for measuring forces without disturbing the dynamics of a
test. Other sensors that can be used aside from pressure sen-
sors 4 include, but are not limited to, sensors that detect
galvanic skin response, tlex sensors, piezoelectric film sen-
sors, and temperature sensors.

Med node 6 1s connected to the pressure sensors 4, to gather
information from the Sensors 4 and generate data correspond-
ing to the pressure sensed by the plurality of pressure sensors.
It 1s preferred that med node 6 be connected directly to hand-
orip device 2, as shown in FI1G. 2. Med node 6 1s customizable
to suit a range of applications, such as tracking knee motion
alter knee surgery or aiding Alzheimer patients residing 1n
assisted living homes by detecting arousal and/or agitation by
measuring skin conductance. Med node 6 may also support a
variety of analog and digital sensors.

Med node 6 1s soltware programmable to suit various
applications and sensors. On-chip memory blocks are used
within med node 6 for data storage. Med node 6 generates
data in response to the pressure sensors 4 on the handgrip
device 2.

Analysis unit 10 which may be a handheld device 1s con-
nected to med node 6 for analyzing the data generated by med
node 6 for the purpose of determining the existence of a
neuromotor disorder. As a handheld unit, analysis unit 10 may
be a pocket PC, a mobile phone, a smart phone, or an 1Pod®,
or similar functioning mobile device. When analysis unit 10 1s
a handheld device, 1t 1s connected to the med node 6 by
wireless communication link 8. Wireless communication link
8 may be a radio wave link, Bluetooth® link, a cellular com-
munication link, for example or any similar functioning com-
munication link. Although a wireless communication link 8 1s
illustrated 1n FIG. 1, any communication link may be used,
including wired communication links.

Analysis unit 10 collects the data from med node 6 and
classifies the collected data. Analysis unit 10 also coordinates
and controls the overall functionality of the system including
handgrip 2, pressure sensors 4, and med node 6. Analysis unit
10 may also performs resource management to accommodate
several objectives such as optimizing the power or enhancing
the fault-tolerance. Analysis unit 10 1s capable of communi-
cating with other electronic devices such as a PC or the
Internet. Analysis unit 10 may also be adapted to interact with
patients.

FI1G. 3 1s a flowchart of a process of the present invention to
detect neuromotor disorders. The process begins at step S-12
with a start signal. At step S-13, the network 1s set up by an
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operator, as shown in FIG. 4. The network can be set up by a
doctor, nurse, a hospital stattf, or a user.

In step S-14, pressure sensors 4 on handgrip 2 are cali-
brated. After gripping the handgrip 2, the user exerts the
maximum pressure he can by squeezing the hand grip. The
maximum voluntary contraction of the user’s hand at step
S-16 as seen in FIG. 5, calibrates the system.

At step S-18, the user or diagnostician chooses a test set
that the user should be capable of performing as seen 1n FIG.
6. At step S-20 an analysis 1s performed to see 1f the process
should be terminated. The process will be terminated when
the user becomes tired, or 1f a predetermined condition has
been met, or if further tests would be detrimental to the user.
If the decision 1s made not to terminate the process, the
process proceeds to step S-22.

Atstep S-22, the user observes a pattern of a target force on
analysis unit 10. The user then applies pressure to pressure
sensors 4 on handgrip 2 following the pattern of the target
force, 1n step S-24. Using the results of the applied pressure,
analysis unit 10 analyzes the user’s motor control ability, 1n
step 5-26.

Analysis unit 10 determines if the data and analysis should
be transmitted to an external server in step S-28. 11 the data
and/or analysis should be transmitted, analysis unit 10 trans-
mits the relevant information over a communication link,
such as the Internet for example, in step S-30. However, 11
data and/or analysis transter 1s inappropriate, analysis unit 10
determines 1f the user wants to perform a new test in step
S-32. The user will be allowed to choose a new test at step
S-18.

If the user does not want to perform a new test, but would
rather to repeat the same test, steps S-22 through S-28 can be
repeated. If the user does not want to repeat the test, then step
S-18 1s repeated until the user wants to terminate. The user
can terminate at step S-20. The process ends at step S-34.

To analyze the patient’s motor control ability, analysis unit
10 may perform frequency matching, time-domain cross-
correlation, variance measure, and/or force sharing with
respect to the relevant data collected by the analysis unit 10.
This analysis can not only measure the ability of fingers to
track a pre-established face pattern, but also the ability to
determine how the individual fingers coordinate amongst
themselves.

Frequency matching 1s accomplished by using a Discrete
Fourier Transtform (DFT). More specifically, the DFT can be
used to calculate the power spectrum of the monitored signal,
and determine the frequency at peak power (FPP).

The DFT, X, of a signal x can be expressed by the equation:

N
X(k) = > sy
=1

where

(—278)

Wy =€ N

The power as a function of frequency can be calculated as:

P=X?

For the timed series, the FFP from each of the force sen-
sors, 1s determined. The difference between a reference FPP
and the finger FPP 1s calculated as shown i FIG. 7. Fre-
quency matching yields a measure of the degree to which the
frequency of force generation by individual fingers matches
the target frequency as provided by a reference.
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The ability of individual fingers, and the entire hand, to
elfectively track a reference signal in time can be calculated
using the cross-correlation function. The cross-correlation 1s
a measure of similarity between two signals, and can also be
used to determine the relative time lag between the two sig-
nals. The cross-correlation can be calculated as:

Where x and y are time series of length N, and m ranges
from —N to N (or a specified shorter interval). The time lag
(m) corresponding to the peak of the cross-correlation func-
tion can be used as an 1ndicator of the time lag between the

two signals, even 1f the signals are complex as shown 1n FIG.
8

In addition to measuring the ability of fingers to track a
reference face pattern, cross-correlation can also be used to
measure the ability of the individual fingers to coordinate
amongst themselves. To measure the amount of coordination
between fingers using cross-correlation, the force time series
from 1ndividual fingers are used as mputs (x and y) to the
cross-correlation function. Peak cross-correlations and time
lags at peak correlations can be measured for comparisons
between fingers.

To calculate the error between the reference (target) force
(R) and the force generated by an individual finger or the
entire hand (F), the “variance accounted for” (VAF) can be
calculated using the following equation:

=T

> [R@® - FOP

=0

VAF =100=%(1 —

=T

> R@)*

=0

The VAF can express the tracking error of a given finger, or
the hand, normalized to the variance of a reference signal. It
1s contemplated that normal healthy people are able to track
the target free patterns well. This could lead to VAF values
close to 100% for normal people. On the other hand, impair-
ments on a test patient leads to a decrease 1n performance in
tracking targets. This in turn leads to a decrease in the VAF.
Healthy people could have a VAF close to 100% while
impaired people will have a VAF<100% (1.e. 20%, 50%, etc.)

The force sharing ability (FS) of the fingers can be calcu-
lated using the following equation:

D VarF(1) = VarF (1)

F > VarF;(1)

Where VarF (t) can be the varniance 1n force (across cycles
or trials) of the target force for an individual finger 1 at cycle
timepoint t. VarF, (t) can be the variance (across cycles or
trials) 1in the summed force produced by all the fingers at cycle
timepoint t.

If FS 1s positive, then negative co-variation among finger
forces can indicate extensive force sharing among the fingers.
If FS 1s smaller or negative, then force sharing among the
fingers can be reduced. Healthy people are expected to have
high, positive values of FS (1.e. 0.9-1), FS will decrease with
disease or injury.



US 8,845,554 B2

S

Preliminary experiments conducted on unimpaired sub-
jects (N=2) showed that healthy subjects were able to finely
modulate finger forces to achieve a desired average force as
shown 1n FIG. 9. These experiments involved four test sets:

Test 1: The guide or the target travels on a sinusoidal
wavelorm between 0 and 100% of the patient’s maximum
strength. The period of the sine wave could be 6 seconds.

Test 2: This test can be used to evaluate the fatigability in a
patient. The target moves between 20% and 40% of the maxi-
mum voluntary contraction (MVC) with a period of 200 ms.
The patient 1s expected to follow the indicator by rapidly
squeezing the handgrip device.

Test 3: This test can be used to evaluate the patient’s ability
to finely modulate force production. The guide moves
between 15% and 30% of the MVC on a sinusoidal wave with
a period of 6 seconds.

Test 4: This test can be used to test the high strength fine
grain motor control. This test can be similar to test 3 except
that the guide moves between 45% and 65% of the MVC.

The variance 1n errors between average force and target
forces were 6.4 1 1.0%, 0.9£5%,3810.3% and 0.3 1 0.3% of
the guide vanance for Task 1, 2, 3 and 4, respectively for the
healthy subjects over 6 trials. Subjects precisely matched the
guide frequency (ifrequency differences <0.005 Hz for all
trials). Cross-correlating the guide signal with the average
force signal revealed that average forces from subjects lagged
the guide forces by 80 1 100 ms and 300+0 ms for tasks 2 and
3. For tasks 1 and 4, the time mean time lags of —50 ms and
—21 ms fell well within the variance 170 and 470 ms, respec-
tively.

Whereas subjects were able to precisely track the guide
signals, they did not accomplish this by generating compa-
rable forces with each finger as shown 1n FIG. 9. Large forces
produced by middle fingers compensated for small forces
generated by index and little fingers, reflecting an effective
force synergy that maintained target average forces. The vari-
ance 1n errors between each individual force and the target
forces 1s shown for every task and subject in FIG. 10. In
addition, in the frequency domain, the difference of the peak
in the power spectrum between each individual force and the
target forces 1s shown. Please note that each data pointin FIG.
10 1s the average taken over 3 trials.

Obviously many modifications and variations of the
present invention are possible in light of the above teachings.
It 1s therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described.

We claim:

1. A system for assessing neuromotor disorders in a body,
comprising;

a hand-held device containing a plurality of pressure sen-
sors for measuring pressure applied by the idividual
fingers of a hand of a person holding the device;

a med node connected to the plurality of pressure sensors
for generating data corresponding to signals generated
by the pressure sensors;

a screen display of a target force pattern for observation by
the person holding the device for the purpose of the
person holding the device tracking the displayed target
force pattern with the individual fingers of the hand
holding the device, while the target force pattern 1s being
displayed; and

an analysis unit connected to the med node for analyzing
the data generated by the med node to determine the
existence ol a neuromotor disorder 1n the body;

wherein the analysis unit 1s configured to analyze the data
generated by the med node using time-domain cross-
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correlation to measure the similarity between the force
pattern generated by the individual fingers of the hand
and the target force pattern.

2. The system of claim 1 wherein the analysis unit 1s
configured to analyze the data generated by the med node
using {frequency matching to determine the degree to which
the frequency of force generated by the individual fingers
matches the frequency of force of the target force pattern.

3. The system of claim 1 wherein the analysis unit 1s
configured to analyze the data generated by the med node
using variance calculations to calculate the difference
between the target force pattern and the force pattern gener-
ated by the fingers.

4. The system of claim 1 wherein the analysis unit 1s
configured to analyze the data generated by the med node
using force sharing calculations to calculate the variance
between applied force over time by an individual finger, or all
the fingers, and the target force pattern.

5. The system of claim 1 wherein the analysis unit 1s sized
to be held by one hand of the person.

6. A method for determining abnormal pressure patterns
applied by fingers on a hand of a person holding a sensor
device containing sensors for each of the fingers, the method
comprising;

recerving signals corresponding to a force pattern applied

by the fingers to the sensor; and

analyzing the signals produced by the sensors, to determine

the existence of a neuromotor disorder:

wherein analyzing the signals from the sensors includes

using time-domain cross-correlation to measure the
similarity between the force pattern generated by the
individual fingers and the target force pattern.

7. The method of claim 6 wherein analyzing the signals
from the sensor device includes using frequency matching to
determine the degree to which the frequency of force gener-
ated by the individual fingers matches the frequency of force
of the target force pattern.

8. The method of claim 6 wherein analyzing the signals
from the sensor device includes using variance calculations to
calculate the difference between the target force pattern and
the force pattern generated by the fingers.

9. The method of claim 6 wherein analyzing the signals
from the sensor device includes using force sharing calcula-
tions to calculate the variance between applied force over
time by an individual finger, or all the fingers, and the target
force pattern.

10. The system of claim 1 wherein the target force pattern
being displayed for observation by the person holding the
device 1s a predetermined pattern, a random pattern, or an
adaptive pattern based on the person’s ability to track the
observed pattern.

11. The method of claim 6 further comprising calibrating
the sensor device by applying the maximum pressure exert-
able by the person on the device.

12. A method, comprising:

presenting on a display screen a pattern of a target force

representing a target sequence of force to be applied to a
plurality of pressure sensors of a handgrip;

recerving data from the plurality of pressure sensors indi-

cating at least one actual sequence of force applied to the
plurality of pressure sensors 1n response to the present-
ing the pattern of the target force on the display screen;
and

cross-correlating the target sequence and the actual

sequence 1n the time domain, thereby 1dentifying a time
lag between the sequences.
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13. The method of claim 12, wherein the time lag indicates
an ability to follow the pattern of the target force.

14. The method of claim 12, further comprising cross-
correlating two actual sequences 1n the time domain, thereby
identifying a time lag between the sequences, wherein a first 5
of the two actual sequences 1s a sequence of data from a {irst
one of the plurality of pressure sensors, and a second of the
two actual sequences 1s a sequence of data from a second one
of the plurality of pressure sensors, wherein the time lag
indicates an ability to coordinate motion of two fingers placed 10
on the handgrip.
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